Fresh curd cheeses (acid curd cheeses, tvarogs, cottage cheeses) count among traditional dairy products. The technology of their production varies in different regions and different dairy traditions all over the world. For this reason, white fresh cheeses have strongly varied quality characteristics, especially those concerning their chemical composition and sensory characteristics [Bohdziewicz 2009 ]. They are regarded high quality products in our diet, that are rich in protein, macro elements, organic acids and vitamins [Szpendowski et al. 2005 ].
INTRODUCTION www.food.actapol.net/ packaging, which not always provides suffi cient protection against microbiological and chemical contamination or mechanical damage [Panfi l-Kuncewicz and Kuncewicz 1996] .
Optimal parameters of protection for fresh curd cheeses can be obtained due to a wide assortment of plastic wraps available on the market and their varied barrier properties. Vacuum packing and modifi ed atmosphere packing proved to be a particular improvement over the previous methods of fresh curd cheeses packaging [Pluta et al. 2003 , Ziółkowski et al. 2004 , Pikul et al. 2006 . Panfi l-Kuncewicz [2010] revealed that vacuum packing and modifi ed atmosphere packing of fresh curd cheeses increased their shelf-life from 5-fold to 8-fold compared to conventional packing in parchment paper.
Recently, a growing number of consumers are interested in organic food due to its sensory characteristics and nutritional value. Organic food products are manufactured on a small scale in small factories, at the lowest possible cost, and therefore they require a relatively cheap and easy to use method of packaging. Regarding the above, this study aimed to estimate the effect of packaging method and season of milk production on sensory characteristics and some physicochemical indices in organic fresh curd cheese stored in refrigerated conditions.
MATERIAL AND METHODS
The subject of this study was fresh curd cheese (tvarog) produced by a conventional technology, in autumn (October), winter (January) and spring (in March and April), at an organic farm located in Western Pomerania, Poland. Polyethylene (PE) was chosen as a packaging material, because it is one of the most common plastics, its popularity deriving among others from its low price. The tvarog cheese samples were packaged in PE fi lm from 50 to 100 μm thick or in both parchment paper and PE fi lm from 50 to 100 μm thick. The cheeses were produced using organic milk of Holstein-Friesian cows, purifi ed, not-normalized and pasteurised. According to the milk producer's data, the total number of microorganisms in the raw milk in all three seasons equalled 10 000 per 1 cm 3 , while the number of somatic cells in 1 cm 3 was varied and amounted to 175 000 in autumn, 260 000 in winter and 100 000 in spring. The productivity of the herd of 80 cows was 45 000 liters of milk per month.
Directly after being manufactured, the cheeses were transported in refrigerated conditions to the Department of Dairy Technology and Food Storage at the West Pomeranian University of Technology in Szczecin. The cheeses were divided into pieces weighing approximately 150 g each and packaged in vacuum (underpressure 15 mbar for 2.5 s and "soft-air" option at the level of 400 mbar) [Dmytrów et al. 2007 ]. The following variants of experimental samples were prepared:
• tvarog packaged in 50 μm PE fi lm • tvarog packaged in parchment paper and 50 μm PE fi lm • tvarog packaged in 100 μm PE fi lm • tvarog packaged in parchment paper and 50 μm PE fi lm. Due to an insuffi cient amount of cheese produced in autumn, this study lacks autumn samples of tvarog packaged in 100 μm PE fi lm. The packaged cheese samples were stored at the temperature of 5 ±1°C for 21 days, and were taken for analysis on the day of production, as well as after 3, 7, 14 and 21 days of storage. The following parameters were determined in the examined cheeses according to the Polish Standard PN-73/A-86232: moisture content by oven-drying, fat content by the Gerber method, titratable acidity in °SH, and pH using an IQ 150 pH-meter from Scientifi c Instruments Inc.
Moreover, hardness of tvarogs was determined by the double compression test TPA using a TA.XT plus texture analyser from Stable Micro System, applying an aluminium rod of 6 mm in diameter, pressure of 1 G, penetration depth of 20 mm and velocity of 5 mm·s -1
. Each time the amount of whey leakage was measured by weighing (to the nearest 0.01 g) the cheese with packaging and after removing the packaging. Afterwards the packaging was dried with a paper towel and also weighed; the percentage of whey leakage was calculated from the weight difference [Ziół-kowski et al. 2004] .
Evaluation of sensory characteristics of tvarogs was carried out using a fi ve point scale. Flavour, odour, colour, structure and consistency were evaluated according to standards PN-ISO 4121:1998 and PN-ISO 11036:1999 . The evaluation was made by a 4-person panel of tasters, examined for sensitivity of taste and experienced in sensory evaluation of dairy products.
The presented results are arithmetic means from three replicates, or in the case of hardness from nine replicates, and were processed statistically with the Microsoft Excel spreadsheet, on the basis of tests (t-Student's test, Cochran-Cox test) that examine differences between two independent or dependent sample means. All tests were conducted at the signifi cance level of α = 0.05.
RESULTS AND DISCUSSION
The results indicate that the thickness of PE fi lm, the use of parchment paper and the season of milk production had different effect on sensory characteristics of the experimental tvarog cheeses (Table 1 ). All these factors had practically no effect on colour of the cheese, that did not change for the whole storage period; the only exception was tvarog produced in winter, packaged in 50 μm PE fi lm and stored for 21 days (mould on the surface of cheese appeared), because unsealing its packaging between the 14 th and 21 st day of storage had resulted in deterioration of all characteristics considered in the sensory evaluation in the examined time point. The fl avour and odour of all the examined cheeses were found very good only during the initial 3 days of cold storage, after that time the characteristics were observed to deteriorate. This applies especially to odour, which was becoming untypical, impure, musty and yeasty. The progress of undesirable changes was slower in cheeses packed in 100 μm PE fi lm, compared to those packed in 50 μm PE fi lm. After 21 days of cold storage, a majority of cheese samples were not suitable for consumption due to a negative odour and fl avour.
The structure and consistency of the examined tvarogs were scored high, and no clear effect of packaging method or season of milk production on these characteristics was detected. The most uniform and compact consistency was observed for tvarog packed in parchment paper and 100 μm PE fi lm. At the same time it was observed that in winter sensory characteristics of tvarogs were worse than in the other two seasons, regardless of the method of packaging applied. To some extent this could be associated with the highest number of somatic cells contained in the milk produced in winter (260 000/cm 3 ). As reported by Danków [2000] , the number of somatic cells within 200 000-400 000/cm 3 indicates that udder health in the barn is compromised, and there are sick cows in the herd. This study revealed that the most desirable fl avour, odour, structure and consistency were the attributes of tvarogs packed in parchment paper and 100 μm PE fi lm.
A study of Dmytrów et al. [2007] revealed that the type of plastic fi lm used for packaging: 40 μm PE/ PA (polyamide) without EVOH (Ethylene Vinyl Alcohol Copolymer) and 80 μm PE/EVOH/PA, had no effect on sensory characteristics of acid curd cheese during storage. Pluta et al. [2003] reported that industrially produced tvarogs, that were vacuum packaged in PE/PA fi lm without atmosphere modifi cation or in the atmosphere of inert gases, were evaluated as good even after 21 days of storage at 10°C.
Whey leakage
The amount of whey leakage from tvarogs was varied in the course of storage and ranged from 0.2% to 12.95% (Fig. 1) . In most cases, tvarogs produced in spring were distinguished by the smallest leakage of whey. This could have been a result of lower initial moisture content in those cheeses, compared to the other samples. The greatest leakage of whey occurred during the initial seven days of the study, and was distinctly greater in the case of tvarogs packed additionally in parchment paper. This was caused by absorption of certain amount of water from the cheese by the paper. In the course of further storage, changes in the amount of whey leakage were smaller, and for the majority of the examined cheeses leakage of whey after 21 days of storage was smaller than after 14 days. Also the thickness of PE fi lm used for packaging of tvarogs had some effect on the amount of whey leakage. Tvarogs packed in 100 μm PE fi lm were distinguished by a greater whey leakage compared to tvarogs packed in 50 μm PE fi lm, that might have been a result of a higher barrier capacity of thicker PE fi lm and its lower permeability to water vapour. Cais and Wojciechowski [1996] implied that storage of tvarogs at the temperature below 8°C might lead to water retention as a result of an excessively advanced process of physical ripening of cheese. This process involves, inter alia, protein swelling 
Colour
Autumn 5 -yeasty , -impure, -musty, -slightly bitter, -mould. T + 50 -tvarog packed in 50 μm PE fi lm, T + 100 -tvarog packed in 100 μm PE fi lm, TP + 50 -tvarog packed in parchment paper and 50 μm PE fi lm, TP + 100 -tvarog packed in parchment paper and 100 μm PE fi lm. and trapping free water. On the contrary, Pikul et al. [2006] reported that in tvarogs wraped in Eco Lean fi lm and packed in vacuum sealed PA/PE bags the amount of whey leakage was increasing during 24 days of storage at 5 ±1°C. Similarly, Pluta et al. [2003] reported an increasing amount of whey leakage from tvarogs packed in PE/PA bags during 21 days of storage, but at 10°C.
Moisture content
The initial moisture content in tvarogs produced in autumn and winter were very similar and slightly higher than in cheeses produced in spring (Fig. 2) .
During storage, moisture content in the examined tvarogs ranged within 61.5-71.84%. Moisture content in tvarogs after 21 days of storage was usually lower compared to the initial value; only in two cases the fi nal moisture content was slightly higher than the initial value -in the winter tvarog packed in 50 μm PE fi lm and in the spring tvarog packed in 100 μm PE fi lm. The differences between the initial and fi nal (after 21 days of storage) values of moisture content were statistically signifi cant in autumn tvarogs packed in parchment paper and 100 μm PE fi lm, winter tvarogs packed in parchment paper and 50 μm PE fi lm, and spring tvarogs packed in parchment paper and 50 μm Fig. 1 . Effect of the packaging method on whey leakage from acid-curd cheeses (tvarogs) stored under cooling conditions (5 ±1°C): T + 50 -tvarog packed in 50 μm PE fi lm, T + 100 -tvarog packed in 100 μm PE fi lm, TP + 50 -tvarog packed in parchment paper and 50 μm PE fi lm, TP + 100 -tvarog packed in parchment paper and 100 μm PE fi lm Fig. 2 . Effect of the packaging method on water content in acid-curd cheeses (tvarogs) stored under cooling conditions (5 ±1°C). Explanations see Figure 1 PE fi lm and parchment paper and 100 μm PE fi lm ( Table 2) . The conducted statistical analysis revealed that packaging method had no clear effect on moisture content in tvarogs produced in autumn and spring. In winter, however, there were signifi cant differences between tvarogs in parchment paper packed in 50 μm PE fi lm and 100 μm PE fi lm, as well as between tvarogs with and without parchment paper packed in 100 μm PE fi lm (Table 3 , 4, 5).
For the majority of the examined cheeses, moisture content was found to increase between the 14 th and 21 st day of storage, that was often combined with a reduced whey drainage. This would confi rm the suggestion of Cais and Wojciechowski [1996] on an increased water absorption capacity of proteins during physical ripening of cheese. Microbiological quality of fresh curd cheeses may infl uence moisture content as well. Steinka [2003] observed that changes in moisture content in tvarogs of high microbiological quality were signifi cantly different compared to tvarogs with considerable microbiological contamination. 
Fat content
The average fat content in the examined cheeses varied from 9.03% (winter tvarog packed in parchment paper and 50 μm PE fi lm) to 14.23% (spring tvarog packed in parchment paper and 100 μm PE fi lm; Fig. 3 ). Tvarogs produced in spring were the highest in fat. However, the presence of considerable differences in fat content in the course of storage is diffi cult to explain. It can be only assumed that the cheeses differed in the initial fat content. Statistically signifi cant differences in fat content were found between autumn tvarogs in parchment paper packed in 50 μm PE fi lm and 100 μm PE fi lm, and between winter tvarogs with and without parchment paper packed in 100 μm PE fi lm. In spring tvarogs, the differences in fat content were statistically insignifi cant (Table 3, 4, 5) . Fat content after 21 days of storage differed signifi cantly from the initial fat level in autumn tvarogs packed in parchment paper and 100 μm PE fi lm, and in all winter tvarogs, while in spring tvarogs the difference was statistically insignifi cant in tvarog packed in 50 μm PE. In the other tvarog samples statistical test could not be carried out (Table 2) . A study of Dmytrów et al. [2007] showed that packaging had no effect on fat content in tvarogs.
Titratable acidity
Tvarogs produced in autumn and spring had similar initial acidity that amounted to 60 and 61.33°SH, respectlively. In winter tvarogs the initial acidity was distinctly lower and amounted to 51.4°SH (Fig. 4) . www.food.actapol.net/ Considerable fl uctuations in acidity occurred during storage in the majority of the examined cheese samples. Relatively smallest differences in titratable acidity during storage were observed in autumn tvarogs packaged in 50 μm PE fi lm, in autumn tvarogs packaged in parchment paper and 50 μm PE fi lm, and in spring tvarogs packaged in 100 μm PE fi lm. After 14 or 21 days of storage, the titratable acidity in tvarogs decreased, that may indicate development of undesirable microfl ora. Only in the spring tvarogs packaged in 100 μm PE fi lm, the titratable acidity was practically unchanged for the whole study period (21 days).
No clear relationship was found between the packaging method and tvarog acidity. Differences in titratable acidity found between the examined tvarogs were not statistically signifi cant (Table 3, 4, 5) . Titratable acidity after 21 days of storage differed signifi cantly from its initial values in winter and spring tvarogs packed in 50 μm PE fi lm, and in winter tvarogs packed in parchment paper and 100 μm PE fi lm (Table 2) .
Similarly, Dmytrów et al. [2007] did not detect any clear effect of packaging material on titratable acidity of tvarogs during storage. On the contrary, a gradual increase in titratable acidity of tvarogs packed in Eco Lean and PA/PE fi lms during 24 days of storage was reported by Pikul et al. [2006] .
pH value
The cheeses produced in autumn, winter and spring had similar initial values of pH (Fig. 5) . After 3 days of cold storage, pH decreased in all the evaluated cheese samples, while in the course of further storage pH fl uctuated. The lowest pH was found in cheeses produced in spring. The method of packaging was not found to affect pH value in a clear way. Statistically signifi cant differences in pH were observed between winter tvarogs packed with and without parchment paper, in 50 μm PE fi lm and 100 μm PE fi lm, as well as between spring tvarogs packed with and without parchment paper in 50 μm PE fi lm (Table 3, 4, 5) . Differences between the initial and fi nal (after 21 days of storage) values of pH were statistically signifi cant in the majority of the examined tvarogs, exluding autumn cheeses packed in 50 μm PE fi lm and winter cheeses packed in parchment paper and 50 μm PE fi lm (Table 2) .
Differently, Karczewska et al. [2005] reported that pH decreased throughout the whole storage period, regardless of the applied packaging (parchment paper, aluminium foil laminated to parchment paper, Eco Lean). However, it should be stressed, that in that study the period of storage was considerably shorter (9 days of cold storage), which might have contibuted to the differences.
Hardness
The initial hardness was similar for tvarogs produced in autumn and winter, 2.8 and 2.74 N, respectively, while the spring cheese had higher hardness amounting to 3.34 N. Also during storage, the highest hardness distinguished the spring cheeses, regardless of the packaging method applied (Fig. 6) . What is worth stressing is that the method of packaging had the greatest effect on cheese hardness of all the examined indices. Statistically signifi cant differences in hardness were observed between autumn tvarogs packed with and without parchment paper in 50 μm PE fi lm, all winter tvarogs, and most spring tvarogs; the difference between spring tvarogs packed with and without parchment paper in 50 μm PE fi lm was statistically insignifi cant (Table 3, 4, 5) . Differences between the initial and fi nal (after 21 days of storage) hardness were statistically signifi cant in the majority of the examined tvarogs, exluding autumn cheeses packed in 50 μm PE fi lm and spring cheeses packed in 100 μm PE fi lm (Table 2) .
Relationships among cheese hardness, moisture content and protein content have often been described in scientifi c publications. An increase in moisture content was reported to be accompanied by a decrease in hardness of cheese [Bonczar and Walczycka 2001, Mazur 2009 ]. An analogical relationship was found in this study.
Ziółkowski [2003] reported that vacuum packed tvarogs had lower hardness compared to tvarogs packed in other systems. This was attributed to a disarrangement of structure in vacuum packed tvarogs resulting from packaging and storage.
The shelf-life of the studied tvarog cheeses was as long as 7 days, regardless of the packaging method used and the season of milk production. The major limiting factor was a musty-yeasty odour of the cheese. The shelf-life was considerably shorter than in the case of industrially produced vacuum packed tvarogs, having shelf-life of 21 days [Pluta et al. 2003 , Pikul et al. 2006 . In fact, presently tvarogs are usually packed in PE/PA fi lm which has better barrier properties comparing to PE fi lm. Spoilage of fresh curd cheeses, however, results mainly from the activity of undesirable microfl ora, so we can suppose that the industrial hygiene of production was considerably better than in a small factory at an organic farm, that was decisive for shelflife of the cheeses. This assumption is also in agreement with the fi ndings of Steinka [2005] , who reported that tvarogs showing the presence of yeast, enterococci and staphylococci should not be stored in air-tight PA/ PE packaging for more than 7 days. CONCLUSIONS 1. Among the sensory characteristics, the deterioration in odour occurred fi rst in the course of storage, regardless of the packaging method applied.
2. Tvarogs packed in parchment paper and PE fi lm (50 or 100 μm) had better structure and consistency, compared to cheeses packed in PE fi lm of the same thickness alone.
3. In sensory evaluation, tvarogs produced in winter were usually scored lower, compared to tvarogs produced in autumn and spring.
4. The use of parchment paper had no effect on fl avour and odour of tvarogs.
5. The packaging method had no clear effect on moisture content and fat content of tvarogs. www.food.actapol.net/ 6. Titratable acidity and pH in tvarogs tended to decrease in the course of storage.
7. The packaging method and the season of milk production had no clear effect on cheese hardness.
8. The most desirable sensory characteristics during storage distinguished the tvarogs packed in parchment paper and 100 μm PE fi lm.
